Abstract Land use and cover conversions as well as climatic factors drive current and future threats to freshwater systems. Research from the United States and across the globe has focused on already threatened and degraded freshwater systems, whose recovery requires significant investments. Attention must also be directed to monitoring freshwater systems that may appear robust, yet are likely to face enhanced vulnerabilities in the future due to climate and land use and cover changes. Such proactive monitoring can help identify problems early and provide potential solutions. In this study, we consider the case of Sebago Lake and its watershed in southern Maine; a region that has experienced significant population growth and development activity. Land use, socioeconomic change and water quality trends are monitored over a 20-year period using Landsat imagery, census, water quality and precipitation data. Our results indicate that Developed Land within the watershed has increased from 5.4 % of the total land area in 1987 to 8.9 % in 2009 with associated increases in population and housing activity. Sebago Lake's water quality indicators from 1990 to 2010 show a directional trend concomitant with this change. The increase in Developed Land is likely to place additional pressures on water quality in the future. The analysis also indicates that precipitation trends play an important role in water quality variability for Sebago Lake. Predicted changes to climatic factors including enhanced spring time precipitation or earlier ice-out conditions combined with further land use change may play an influential role in determining water quality. The analysis
Introduction
Sustainability science has focused attention on monitoring human-induced changes to environmental systems and identifying the conditions that determine the vulnerability or resilience of systems to such changes (Kundzewicz et al. 2007; Levin and Clark 2009) . Within this framework, the sustainability of freshwater resources in terms of their quality, quantity and allocation has been the focus of numerous recent studies (Alcamo et al. 2007; Bierwagen et al. 2010; Vörösmarty et al. 2000) . Much of this research in the United States has focused on already threatened and degraded freshwater systems (Schelske et al. 2005; Schindler 2006 ). The recovery of freshwater systems after switching to less-desirable alternative states can be slow and require significant investments (Scheffer and Carpenter 2003) . Even so, inadequate attention is directed to monitoring freshwater systems that appear robust and show few indications of water quality decline, yet are likely to face enhanced vulnerabilities in the future due to climate and land use and cover changes.
To that end, this study focuses on Sebago Lake in the northeastern United States. Sebago Lake and its watershed is located in the most developed and urbanized section of the state of Maine and is the direct source of freshwater for close to 200,000 people that live in neighboring towns and cities (Fig. 1) . The watershed was recently identified as one of the top five most vulnerable watersheds of the northeastern United States to development pressures because of the amount of privately owned forested land in the watershed and its location in a rapidly changing region (Barnes et al. 2009 ). Future development and climate-related changes experienced across the region will have ramifications on the sustainability of this ecosystem and test its resilience to change.
This study is designed to assess the Sebago Lake watershed system from a coupled socio-ecological systems framework and provide a template for using readily available data to systematically monitor similar systems elsewhere. We assess key emerging threats and vulnerabilities to the system by examining land use and development changes across its drainage basin over the past 20 years. These changes are related to ecological observations of precipitation, lake water levels and water quality indicators for the lake. The analysis highlights emerging areas of concern and reiterates the essential role of proactively monitoring vulnerable systems to help mitigate future threats.
Threats to freshwater systems
Current and future threats to freshwater systems are driven by both ecological and social processes. Two of the most prominent processes are climate change and land use and cover conversions (Adrian et al. 2009 ). Temperature and precipitation are key climatic drivers. Predicted climate change influences in the upper latitudes including earlier spring thaws and ice-out dates are expected to affect regional water quality and the primary productivity of lakes (Murdoch et al. 2000; Hodgkins et al. 2002) . Increases in the frequency of extreme precipitation events are also a potential outcome of climate change in areas such as the northeastern United States. Depending on their timing and watershed characteristics, heavy rainfall events can transport pollutants and additional nutrients to water bodies or dilute nutrients and alter lake stratification (Blenckner et al. 2007) . With the latest Intergovernmental Panel on Climate Change (IPCC) report predicting such changes in precipitation patterns and temperature regimes globally, monitoring the capacity of freshwater systems to meet present and future human and ecosystem needs gains urgency (Kundzewicz et al. 2007; Meehl and Stocker 2007) .
Non-climatic threats to water quality are equally, if not more, pressing in the near term and are subject to more immediate local factors (Carpenter et al. 1998; Murdoch et al. 2000) . These factors include land use and cover change, population increases and development pressures within any given drainage basin (Atasoy et al. 2006; Kundzewicz et al. 2007) . Change in water quality due to land use change, agriculture and urbanization is evident from paleolimnological studies of lake sediments (Leavitt et al. 2006; Pham et al. 2008) and other current assessments (Allan 2004; Coskun and Alparslan 2009; Fraterrigo and Downing 2008; Giardino et al. 2010) . Conversions across urban areas affect storm water runoff and nutrient transport to lakes by increasing the impervious surface area in a watershed. Approximately 10 % impervious surface within a watershed is often reported as a threshold value beyond which the impact to streams and freshwater systems can be substantial (Brabec et al. 2002) . However, depending on the configuration of land uses, these changes can also occur at lower levels of land cover conversion (Wickham et al. 2008) . The increased transport of watershed nutrients to water bodies leads to the cultural eutrophication of many lakes in regions dominated by agricultural land uses. This has encouraged the closer monitoring of phosphorus concentrations, chlorophyll a and water clarity in lakes as a measure of their quality (Vollenweider 1968; Reckhow and Simpson 1980) . Total phosphorus is measured because it is often a constraining factor on lake productivity. Chlorophyll a is a measure of the amount of algae in a water column and is important for characterizing the productivity of a lake. Water clarity is measured using a Secchi disk to record how deeply light can penetrate the water column and is used to identify algal blooms (Secchi depths less than 2 m). Land use modifications can drive changes in nutrient export from catchments to streams and lakes therein, and concomitant increases in lake water column phosphorus are an indication of this. Further, phosphorus availability in the water column is often a limiting factor in algal abundance, which affects water clarity.
Study area
Sebago Lake is located within the larger Casco Bay watershed of Cumberland County, southern Maine (Fig. 1) . Covering 120 km 2 with 170 km of shoreline, it is the deepest and second largest lake in Maine with an average depth of 32.60 m. The maximum depth is 96 m. The lake consists of three main bays; Big Bay, Jordan Bay and Lower Bay, and has a hydraulic residence time of 5.4 years. The Lake's watershed is 440 km 2 , 16 % of which includes other lakes, ponds and rivers. Sebago Lake is connected to a chain of lakes in its upper watershed, but 70 % of its surface inflow is from the Songo/Crooked River (Hodgkins 2001) . The region receives an annual precipitation of 1,126 mm (Dudley et al. 2001) .
European settlers arrived in the region in the mid-1700s. Proximity to flowing water enabled small agricultural settlements to grow and prosper as mill towns. Transportation, trade and tourism improved with the introduction of rail lines in the 1870s. Population shifts mirroring shifts in economic activity were observed across the watershed since this early settlement period. The twentieth century saw a further consolidation of developmental changes. Shifts toward manufacturing and service sector industries concentrated along the coast and the city of Portland gained prominence. Meanwhile, patterns of sprawl became more evident mid-century as the automobile brought greater mobility and mortgage subsidies renewed interest in lake view property and vacation homes in towns across the watershed.
Sebago Lake has provided water to communities in southern Maine and to the Portland area since 1869, with services provided by the Portland Water District (PWD) since 1908. The outlet of Sebago Lake flows into the Presumpscot River and was first dammed in 1827. Water flow at the outlet has been regulated since 1875 with the Eel Weir dam constructed in 1890. The Eel Weir is currently one of 5 dams along the Presumpscot River managed for hydro-electric power generation by Sappi Fine Paper, originally the S.D. Warren Company started in Westbrook, Maine in 1854 (Dudley et al. 2001) . The management of water outflow at the dam controls water levels in the lake. More recently, there is concern that changes to lake level management strategies since 1987 may be negatively affecting water quality through unnaturally high lake levels in late summer. Depending on dam management, precipitation and snow melt, lake levels typically range from 79.40 to 81.30 m above sea level (asl). In addition to Sappi Fine Paper, PWD and the population that relies on it for safe drinking water, Sebago Lake is also used for recreational boating and fishing and provides many public beaches.
Data and methodology
We use data from multiple sources to document land use and development changes across the Sebago watershed and monitor water quality indicators for the Lake over the past two decades. Studying historic and current trends enables us to comment on future threats to this watershed and recommend proactive management strategies to ensure sustainability. 
Land use change
To assess changes in land use, three Landsat Thematic Mapper (TM) datasets (WRS: Path 12/Row 29/30) comprising six multispectral bands at 30-m spatial resolution each for September 16, 1987 , September 6, 1995 , and July 10, 2009 (Table 1) , were obtained from the Earth Resources Observation and Science (EROS) Data Center (USGS EROS 2009). All image processing and analyses were conducted using specialized software including Acorn, ERDAS Imagine 9.3, Habitat Priority Planner and ESRI's ArcGIS. Original Landsat TM image files were cropped to the extent of the Sebago Lake watershed. Atmospheric correction algorithms were applied to each image set to remove effects due to variations in satellite-sun geometry and atmospheric conditions and allow cross-date comparisons. Acorn's multispectral correction module was used to run atmospheric correction algorithms on all three datasets using atmospheric visibility and water vapor Land use and socioeconomic influences 629 parameters based on climatic conditions recorded for the image capture day (AIG 2002) . The images were registered and processed with ERDAS Imagine. Cloud cover present in any of the images was masked out from each of the three dates. An unsupervised classification using the Iterative Self Organizing Data Analysis (ISODATA) algorithm produced land use maps from the Landsat TM datasets for each of the years of the study period. ISODATA groups pixels based on a minimum distance function (Lillesand et al. 2008) . The classification algorithm reassigned the image pixel values into 30 initial classes. After some experimentation, the 30 classes were recoded into 4 broad land use classes that were of particular interest to our study. These included Water, Bare-ground, Green-space and Developed Land (Table 2 ). To assess landscape metrics, NOAA's Habitat Priority Planner was used to calculate the total number of patches or homogenous features and mean patch size for the land-based classes.
Accuracy assessments were performed on each of the images using a stratified random sample of 40 points per class for each of the classes. Using a sample of points, these assessments measure how well the classification method performed in spectrally distinguishing each of the land use classes (Lillesand et al. 2008 ). The error matrix produced for each of the images through this process enabled us to assess errors of omission and commission and calculate Kappa coefficients for individual land use classes (Congalton 1991) . Digital Ortho Quarter Quadrangles (DOQQ) from 1998, National Agriculture Imagery Program (NAIP) data from 2009 obtained from the Maine Office of GIS and rapid field assessments were used to verify the accuracy of our classifications. The extent of land area within each of the land use classes was calculated from the results of the classification. A simple percent change function described in Eq. (1) 1990-2000, 2000-2010 (2009 in the case of median income) and 1990-2010 (2009 in the case of median income) was calculated for each town from raw population, housing units and median income data obtained from the Census Bureau:
Percent change in housing units
where it1 denotes town i at time t. Second, to enable standardized comparisons across townships within the watershed, zscores for the results from Eqs. 2, 3 and 4 above were calculated as:
where z-score popi, z-score houi and z-score inci were the standardized scores for percent population change, percent housing unit change and percent median income change in town i, respectively, l was the mean including all towns in Maine and r was the standard deviation of the same. The same steps were conducted for all population and housing unit change data between 1990-2000, 2000-2010 and 1990-2010. Finally, an index of development for each town was calculated by adding the z-scores for population and housing for each town as defined in Eq. 8 below. This aggregate index of development was mapped to allow for a comparative assessment across Sebago and surrounding watershed towns. A higher index number indicates more firmly entrenched development activities within that town as compared to others within the Sebago Lake watershed.
Index of development
i ¼ z -score popi þ z -score houi þ z -score incið8Þ
Water quality
Water quality data included in the analyses (total phosphorus, lg/l; chlorophyll a, lg/l; Secchi depth, m), and lake level data were obtained from PWD for Lower Bay. This bay has the longest record (1979 to present) and is nearest the intake area for the drinking water supply. Data were collected monthly when the lake was clear of ice, usually from April to November. Precipitation data were obtained from the PRISM Group (Parameter-elevation Regressions on Independent Slopes Model; http://prismmap.nacse.org/nn/) climate mapping system at grid point (43.78N, 70.51W). PRISM uses point measurements of precipitation and temperature to provide a time series of spatially distributed monthly, yearly and Land use and socioeconomic influences 631 event-based climate parameters for a variety of watersheds (Gibson et al. 2002; Daly et al. 2004 ). All of the water quality measurements since 1990 have been made at the current sampling location. Due to the sampling location change and some alterations in the analytical methods, some water quality data were adjusted for comparison to results obtained later (Whalen, 2010) . The adjustment included adding 0.34 m to pre-1990 Secchi disk depths, which were collected closer to shore and had, on average, a shallower Secchi disk reading by 0.34 m than depths taken at the present, deeper site. Pre-1996 Secchi disk data were multiplied by 1.05 to account for the change in scopes at that time. For total phosphorus, the PWD determined there were no site differences via a Kruskal-Wallis test of the different sampling locations in Lower Bay. In 1996, there was also a reporting limit change for total phosphorus in 1996 from 1.0 to 0.1 ppb. The data prior to 1996 were not adjusted. Additionally, chlorophyll a samples were reported with phaeophyte correction post-1993, but without the correction in 1992 and before. Uncorrected chlorophyll a data for all dates were therefore used in the analyses presented here. No adjustments for sample site were made with chlorophyll a data.
To examine late-summer water quality, data were averaged between months July, August and September of each year, resulting in one data point per year. For this reason, we did not correct for seasonality when testing for trends. These months were chosen due to high data availability and a high correlation with total spring precipitation (May and June) and average spring lake levels (May and June). Analyses were completed using the seasonal means and totals listed above, as well as late-summer precipitation and lake levels, over two time periods: 1990-2010 and 1979-2010 . The confidence in the data quality since 1990 is higher, and this shorter time period corresponds better with the land use data used in this study. However, in considering potential trends in hydrologic data, the complete record was also analyzed to gain perspective on longer-term trends and potential cycles.
To determine if there were temporal trends or step changes in water quality data, or relationships between water quality and lake water level or precipitation events, several approaches were used. Pettitt's test was used first to look for significant step changes in water quality (Siegel and Castellan 1988; Kundzewicz and Robson 2004 ). Spearman's Rank correlation was used on variables that had no significant step change to identify significant relationships between lake level, precipitation and water quality variables over time (Siegel and Castellan 1988) . A partial correlation was used to determine the correlation between water quality variables and lake level while accounting for the variance explained by precipitation. A Wilcoxon t test was used to compare 1979-1990 and 1990-2010 spring precipitation and spring and summer lake levels to assess stationarity of potential explanatory variables. Analyses were performed in R (R Core Team 2012) and considered statistically significant at the 95 % confidence level (p \ 0.05).
Results and discussion

Land use trends
The results of the ISODATA classification algorithm for the Sebago Lake watershed from 1987, 1995 and 2009 are displayed in Fig. 2 . A visual analysis of Fig. 2 indicates a steady increase in the Developed Land class over the study period. As Table 2 reports, this class includes all urban, industrial, commercial, rural, suburban and other residential activity, transportation networks and other impervious surfaces. Development across the watershed displays a distinctive rural sprawl pattern typical of New England. In other words, it tends to concentrate along existing road networks and expand adjacent to areas that have historically already seen development. Despite the concentration of residential and commercial built-up areas within town centers, there remains significant farm and homestead development along transport routes mirroring a spatially distributed model of rural development. The Bare-ground class is a mixed class noticeable around lakes, dry river meanders and areas of exposed bare soil and beach across the watershed. The Water class includes all reservoirs, ponds, lakes and rivers within the study area. Finally, the Greenspace class contains all other land uses including forest, pasture, agricultural fields and golf courses ( Table 2 ). The image data indicate an intensification of development activity over the study period, and the expansion of development is most distinct between 1995 and 2009. This correlates with southern Maine's development trajectory from census and housing data during the same period. Storm water runoff, septic tank leaks, the expansion and location of impervious surfaces, gravel pits, mining sites, soil compaction, rural land uses and inadequate riparian buffers or source water and shore-land protections can all enhance threats to water quality across the watershed.
The results of the accuracy assessments on each of the three images are included in Table 3 . Typical of all accuracy assessments conducted with satellite data, the results of the accuracy assessment address only the random sample of points used for this process (Table 3) . Using the area coverage statistics derived from this classification analysis, we are able to outline the total extent and percent change in the extent of land use classes between the dates of image capture (Table 4) . The land cover analysis indicates that Developed Land accounted for 5.39 % of the total area of the Sebago watershed in 1987, 6.09 % in 1995 and 8.91 % in 2009 (Table 4) . Green-space declined from 76.58 % of the watershed in 1987 to 72.41 % by 2009. Water and Bare-ground coverage across the watershed remained largely the same, with only a slight increase of approximately 0.51 % in the Bare-ground class between 1987and 1995. The literature on impervious surfaces indicates that stream water quality is negatively influenced once impervious surfaces reach 10 % of a watershed's total area (Brabec et al. 2002) . Our 20-plus year satellite image analysis indicates that the Sebago Lake watershed is gradually trending toward that threshold and is cause for concern.
Landscape metrics including the number of homogenous features or patches within a land use class and the mean patch size provide greater insight into each individual land use class (Table 5 ). The analysis indicates that between 1987 and 2009 the Developed Land class saw the greatest number of patches, while Green-space the fewest. Given the rural sprawl pattern of development observed across the watershed, the large number of patches as seen in the case of the Developed Land class is expected. The number of patches for Green-space increased between 1987 and 2009, while the mean patch size decreased from approximately 189 hectares to 108 hectares over the same time period (Table 5 ). This indicates a greater fragmentation of Green-space into smaller sized parcels over the past Land use and socioeconomic influences 635 20-plus years. These metrics provide a more detailed picture of the changes taking place within the two primary land use classes across the watershed.
Development changes
Demographic and socioeconomic conditions along with other variables influence how land and resources are used in any given region. The state of Maine has long been known for its natural capital and scenic splendor, yet changes in population and development have played an influential role in substantially modifying the landscape in recent decades. Over the 1990-2010 period, most towns across the Sebago Lake watershed and surrounding have experienced growth on a development index which includes population, housing unit and median income change. This is not unexpected, given that the watershed lies within southern Maine, which has seen the most rapid and expansive growth in the past few decades. Standardized scores of percent change in population, housing units or median income generally fall within one standard deviation of the state average (Table 6) . Standardizing scores enables an easy comparison across the watershed. The majority of towns indicate positive change across these variables over the 1990-2010 study period (Table 6 ). Towns located right along Sebago Lake including Windham, Casco, Naples, Raymond and Standish have experienced population growth at a rate greater than the state average. Similar trends were observed for housing unit expansion. Land use and socioeconomic influences 637
The index of development is derived from summing z-scores reported earlier (Table 7) . A higher index number indicates a greater concentration of development-related activities within that town as compared to the others within the Sebago Lake watershed. Figure 3 provides a map of index scores for the watershed over the 1990-2010 study period. The spatial patterns observed in Fig. 3 indicate a high development index ranking for Sweden, Casco, Otisfield and Naples. All of these towns are located upstream from Sebago Lake, while the Songo/Crooked River, which is the primary source of freshwater inflow into Sebago Lake flows through Casco, Otisfield and Naples. Raymond, Bridgton and Waterford also indicate a development index higher than 1 and are likewise located upstream from the Lake. The spatial pattern borne out by the development index indicates that a majority of the watershed towns upstream from the Lake have seen significant development over the 1990-2010 period, and this is also supported out by the land use analysis.
Water quality
The Pettitt's test for a step change is used to detect a change (increase or decrease) in values that is maintained for the remainder of the record. This test showed a significant and sustained step increase in the late-summer total phosphorus concentration in 2005 when the analysis was restricted to the 1990-2010 time period. Spearman's rank showed declining water quality trends for both chorophyll a and Secchi disk depth over the same time period. However, during the longer time frame , Pettitt's test and Spearman's rank correlation indicated no statistically significant step changes or trends over time for any of the three water quality variables in late summer (Table 8) . These results agree with trend analyses conducted by the PWD (PWD 2008; Whalen 2010) . They suggest that while present water quality may not be worse than measurements recorded in the 1980s, many of the bad water quality years over the most reliable period of measurement have been toward the end of that period. Identical analyses performed on precipitation and lake level showed no trends or step changes in either time period. Moreover, the land use analysis indicates that the 1990-2010 timeframe is also one of significant development activity across the watershed. Taken together, these data indicate that the recent reductions in water quality may be linked to land use changes rather than changes in precipitation or lake level. There were also differences between the two time periods in the correlations between environmental variables and water quality (Table 8) . Late-summer chlorophyll was positively correlated with spring precipitation (rho = 0.43, p = 0.05) and spring lake levels (rho = 0.44, p = 0.05) during 1990 -2010 . During 1979 -2010 , Secchi disk depth was negatively correlated with spring precipitation (rho = -0.54, p \ 0.01) as well as with spring lake level (rho = -0.44, p = 0.01). However, in both 1990 However, in both -2010 However, in both and 1979 However, in both -2010 , spring lake level was also strongly correlated with precipitation (rho = 0.43, p = 0.05; rho = 0.62, p \ 0.01, respectively). Additionally, Secchi disk depth was negatively correlated with summer lake levels (rho = -0.42, p \ 0.01), which were also correlated with spring precipitation (rho = 0.55, p \ 0.01) in the longer period of record. This suggests environmental drivers are linked to water quality declines but the effects may be exacerbated by land use changes.
The observed interaction between precipitation and lake level confounds interpretations of either as a primary driver of variations in water quality. However, non-significant results of partial correlations between lake level and water quality parameters while accounting for the effect of spring precipitation suggest the relationship between late-summer chlorophyll a and lake level is confounded by the underlying relationship of lake level with precipitation during 1990-2010. This is also true for late-summer water clarity over the longer time period in regard to both spring and late-summer lake level correlations. Additionally, average spring and summer lake levels have not significantly changed (p = 0.29; p = 0.23, respectively) between the most recent time period and the previous decade.
While we do see a trend in chlorophyll a during 1990-2010 and a correlation with spring precipitation, total spring precipitation amounts have not significantly changed during that time compared to the previous decade (p = 0.43). This suggests either the nature of the precipitation may have been different in more recent years or that precipitation is interacting with some other factor, such as land cover change as described above, to alter pollutant loading to the lake. Alternately, trophic interactions in Sebago Lake could explain recent changes in chlorophyll concentrations.
Conclusions and future directions
This study identifies emerging areas of concern for the sustainability of the Sebago Lake watershed. First, our findings indicate that Developed Land within the watershed has increased from 5.39 % of the total area in 1987 to 8.91 % in 2009, approaching a 10 % threshold value identified in the literature as indicative of stream degradation (Brabec et al. 2002) . This is a concern, as degraded rivers and streams will likely increase inputs of nutrients to the lake. Meanwhile, poor water quality and nutrient loading associated with lakeshore development activities along Sebago Lake (Whalen 2009 ) and hyper-nutrient conditions reported for portions of the watershed's other lakes have already raised alarms (LEA 2010) . These studies along with the results of our examination clearly point to the need for greater vigilance and quick action to protect against more sustained damage.
Second, along with the near doubling of Developed Land uses in the watershed, recent Sebago Lake water quality indicators from 1990 to 2010 show a directional trend concomitant with this change. Even though long-term records do not, these more recent changes highlight the need for continued monitoring and management of this lake. As the more recent record grows longer, it should show whether the current trends and step changes are part of a longer pattern of water quality variability in the lake or if they are more permanent. Moreover, there is concern that other factors may be obscuring water quality linkages with land use and cover trends. The large volume, depth and residence time of Sebago Lake may make it resistant to cultural eutrophication (Nõges 2009 ) and may increase its buffering capacity for nonpoint source nutrients (Liu et al. 2010) . Importantly, this could induce a lag effect between the time of increased development and any changes in water quality indicators in the tributaries or the internal cycling of the lake itself as slow and fast state variables interact. Furthermore, climatic effects, such as the event-based nature of precipitation, may be a confounding factor to detecting relatively smaller drivers from current levels of land cover change.
The vigilant monitoring of Sebago Lake and similarly vulnerable systems using remotely sensed and other relevant socioeconomic and ecological data provide land managers and scientists with important information to support context-appropriate management strategies. These strategies can help mitigate land use changes that may have already been observed across the watershed, and can promote sustainable growth and development for the future. Regional and land use plans can champion smart growth and in-fill development strategies that balance development or urban revitalization with greenspace protections. Subdivision regulations can encourage conservation designs with compact housing and mandatory green-space preservation for new developments. Other strategies at the household or commercial enterprise level may include adopting green building technology, replacing impervious surfaces with pervious pavers, promoting sustainable logging practices and monitoring dirt road construction on private lands. Ecologically significant tracks can be secured through conservation easements or Land Trust purchases. Already, the Western Foothills Land Trust and other similar organizations have engaged in protecting sections of the Sebago basin. Similarly, the Portland Water District currently protects 2,500 acres of land around Sebago Lake's Lower Bay, but protection of forested land in the upper watershed may help preserve Sebago Lake's high quality of water into the future (Postel and Thompson 2005; Wickham et al. 2011) . Likewise, minimizing the fragmentation of green-space through approaches such as greenway planning can strengthen existing riparian buffers and shore-land protections while also improving habitat connectivity. Many of the approaches outlined here are already being implemented across the Sebago Lake watershed. Such strategies would go some way toward securing the sustainability of this and similar vital resources elsewhere.
